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«PHASE I TREASURE ISLAND BIBLIOGRAPHICAL REPORT AID 350 - I 


BOOK Call No.: TN672.V8 
Author: APAYEV, B. A. 
Full Title: SIGNIFICANCE OF CARBON IN THE FORMATION OF INTERMEDIATE 
CARBIDE PHASES 
Transliterated Title: Rol' ugleroda v obrazovanii promezhutochnykh 


karbidnykh faz 
Publishing Data 


Originating Agency: All-Union Scientific Engineering and Technical 
Society of Machine Builders. Urals Branch 
Publishing House: State Scientific and Technical Publishing House 
of Machine Building Literature ("Mashgiz") 
Date: 1950 No. pp.: 15 No. of copies: 3,000 
Text Data 
This 18 an article from the book: VSESOYUZNOYE NAUCHNOYE INZHENERNO- 
TEKHNICHESKOYE OBSHCHESTVO MASHINOSTROITELEY. URAL'SKOYE OTDELENIYE, 
THERMAL TREATMENT OF METALS - Symposium of Conference (Termicheskaye 
obrabotka metallov, materialy konferentsii) (p. 190-204), see AID 223-I1 
Coverage: On the basis of early investigations conducted by 
A. P. Arbuzov, @. V. Kurdyumov and I. V. Isaychev, the in- 
termediate carbide phase FexC was believed to be distinctly 
different from common cementite. However, later study shows 
that the carbide ne during annealing of tempered steel 
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-Rol' ugleroda v obrazovanii promezhutochnykh karbidnykh faz AID 34. 


Purpose: 


does not differ from cementite. Specific changes in the X- 
ray pictures taken at different temperatures of annealing 
indicate a special form of carbide particles and their dis- 
persibillity. The results lead to new Study of the nature of 
the ‘third transformation" for the explanation of effects 
observed particularly in the region of 4009 - 300°C. The study 
was conducted on various carbon steels by the magnetic method 
related to: the phase composition at different annealing 
temperatures; carbon formation at intermediate carbide phase; 
anomaly in the intensity of the magnetization curve; quanti- 
tative characteristic of decomposing reaction of FexC and to 
many other problems of similar nature. 


The experimental results lead to ny interesting conclusions 
mentioned in the text. 7 charts, tables. 
For scientific workers 


Facilities: None 
No. of Russian and Slavic References: 10 (1939-49) 


Available: 


Library of Congress. 
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USSR / Solid State Physics / Phase Tra. mations in Solid 
Bodies 


Abs Jour: Ref Zhur ~ Fizika, No, 5, 1957 No, 11698 


Author : Apayev, B.A, 

————————_— 

Inst - 

Title t On the Determination of the Amount of Austenite by Magnetic 
Mothod. 


Orig Pub: Zavod, laboratoruja, 1956, 22, No, 6, 7562 = 755 


Abstract +: Remarks to an article by Yu, A, Geller (Referat Zhur 
Fizika, 1955, 24562), The answer by Geller and additional 
remarks by the author are also given, 
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APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2" 


"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2 


Category : USSR/Solid state Phyaics - Phase transformation of solid bodies E-5 


oa eye 


Abs Jour ; Ref Zhur - Fizika, No 1, 1957, No 1225 


Author : Apayev, B.A. 
Inst : Gorlkiy Untv. USSR 
Title : Carbide Phases Formed Upon Tempering of Hardened Steel 


Orig Pub : Dokl. AN SSSR, 1956, 107, no 5, 685-685 


Abstract : Carbide phases of iron Fe.C, Fe,C, and € Fe.C, with Curie points of 210, 
265 and 380°; were obser'véd by the investigators during the synthesis of hy- 
drocarbons of CO and Ho in a study of carbide formation in iron catalyzers. 
The transformation in such phases can be represented by € FesC > X Fe,C > 
Fe3C. An investigation of the carbide formation during annealing of hardened 
carbon steel shows that carbide phases, characterized by the same values of 
Curie points, are formed at definite stages of the annealing. The first two 
phases are designated by the author & Fe,C, there being a difference of opin- 
ion concerning the chemical compositibn of these phases. The decomposition 
products of these phases and their temperature stability turn out to be the 
abme as in the Eand phases, formed! during synthesis of hydrocarbons with 
an iron catalyzer. The carbdide-formation process in metal and high carbon 
steels (UG -- U12) is given by the following scheme: Fe q (C) ~>E Fey —> 

Fe, —> Fe.c. 
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USSR/Magnetism - Wels Seo nievian 

Abs Jour =: Ref Zhur - Fizika, No 1, 1958, 1135 
Author : Apayev, BeAw 

Inst : "Gor'kiy taiversity 


Title : Concernin e Problem of the Magnetic Effect on the 
Curves I ott ) in the Temperature Range 260 -- 270°, 
Odtained for Tempered and Deformed Specimens. 


Orig Pub Fiz. metallov i metallovedeniye, 1957, 4, Wo 2, 267-277 


Abstract : In the tempering of hardened steel and in the deformation 
of annealed steel, there is observed an identical charac- 
ter of the variation of the metic properties, namely 
an increase in the mgnetization (compared with the magne: 
tization in the annealed estate) and the appearance of a 
bend in the curves I,(t9) in the region from 260 to 270° 
(in addition to the bend at the Curie point of the 
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AUTHOR: Apayev, B, A., Candidate of Technical Bei ences, 
pee RNR De ah oo 
TITLE: On the mechanian of carbide formation during empering of 
carbon steel, (0 skhenakh karbidoobrazovaniya pri otpuske 
uglerodistoy stali), 


PERIODICAL: " ov brabotka Metalloy" (Metallurgy 
and Me a reatmen 9 ? oO. 9 pp. “2h (U.8.8.R.) 
ABSTRACT; Prof, A. P, 
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ABSTRACT: 
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$2-7-19/69 
Tolomasov, VAs, Apayev, B.A. 
Tn ae sees 
Disoussion of the Measuring Scheme ofthe Ballistic Magnetometer 
and Anisozeter : ; 
(Tesledovaniyeismeritelnykh skhem ballisticheskogo magnitometra i 
anizouetra) 


davodskaya Laboratoriya, 1957, Vol. 23, Nr 7, pp. 821 ~ 625 (USSR) 


This paper disousses the effective ratio between the recordings 
obtained from the apparatus and the actual degree of magnetization 
for the ballistio magnetometer and aniaoneter, By means of oon- 
putation possible errors are discussed on the basis of certain con- 
ditions and corresponding corrections are described. The yaper con- 
oiste of two parte: 1.) Bajlistio magnetometer. The principle of 
the construction of the latter is based upon measuring of the mag- 
netio ourrent in the coil, which is generated during the removal 
of the sample located between the two magnetic poles (through a 
corresponding channel); this is also accompanied by a nonuniform 
magnetization of the sample during this process. (Examples are 


iven)}. In paragraph 2.) Magnetomoeter with dipole measuring scheme 
(antnometers the construction of the apparatus mentioned ie dese 
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TITLE: 
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ABSTRACT: 
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Apayev, B. A., Syauyev, Yu. A. SOV/163 -56-2-38/46 


ey 


“s 
The Changes in Cementite Caused by Cold Plastic Deformation 


(Izmeneniya v tsementite pod deystviyem kholodnoy 
plasticheskoy deformatsii) 


Nauchnyye doklady vyeshey shkoly. Metallurgiya, 1958, 
ir 2, pp. 209 ~ 213 (USSR) 


The increase of magnetization in fron-carbon alloys at 
temperatures above 270°C as a result of the deformation 
and the increase of the a-solid solution quantity. The 
investigations were carried out with steel samples ef 
the type 45 in hardened and annealed state. The increase 
ef the magnetism may also be caused by the phase y-Fe_C. 
The change of the magnetiam in the steel samples 45 and 
U-10 was investigated as dependent en the degree of 
deformation. When comparing the curves plotted with one 
another a quantitative relation between the carbon of 
the steel and the amount of the -Fe C-phase formed wag 
found. The course ef the phase transformation in cementite 
under the effect of cold deformation shows that it ig 
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The Changes in Ce-entite Caused ty Cold Plarntic Se- S07 /563-56-2-36/46 
formation 


necessary to take into account 
investigating the mechanical properties as well as 
the mechaniam of the plastic deformation in hetero. 
6eneous systems. There are 4 figures and 12 references, 
6 of which are Soviet, 

ASSOCIATION: Tasledovatel 'skiy fiziko-tekhnicheskiy institut Gor'kovekogo 


60s-universiteta(Physico-Techni cal Research Institute of 
Gor'kiy State University) 


SUBMITTED: October 1, 1957 


this phenomenon when 
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TIKHONOV, O.F., kand, tekhn, nauk, dotu.; APAYEV, B.A., knnd, fis,-mat, 
nanx} RUNOY, Y.Y., insh, bee it Ce 


Investigating the graphitisation of white cast iron by meane of 
the menetio method, Izv. vys, ucheb. sav.; chern. mat. no,/et 
147=152 Ap '58, (MIRA 1126) 


1. Gor'kovekiy politekhnicheskiy institut 1 Qor'kovekly fisiko~ 
tekhnicheskiy institut. 
(Cast iron--Metallogmphy ) 
(Yerromegnotisn) 
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Chromium Steel 

otpuske khromistykh sta] 

PERIODICAL: Fizika Metalloy i Metallovedeniye, 1958, Vol 6, Nr 5, 
pp 858 - 865 (USSR) 

ABSTRACT: The difference in 


e formation on tempering 
have been Suggested (Refs 1-6). The authors of papers 
(Refs 2-6) think that the chromi 


the same as the average 
chromium content of the steel. Hence chromium takes part 


tempering:., Lashko et al (Ref 7) 
on tempering 


A metastable face-centred cubic 
Cardl/é Y'-phase in alloys containing 10 to 15% Cr forms first and 
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Processes of Carbide Formation During Tempering of Chromium Steel 


is followed by trigonal carbide formation. The y'-phase 

ie thought to be similar in chemical composition to trigonal 
carbide. The crystallisation of cubic carbide, as well as 
of trigonal, takes place from the a-solid solution after 
(Cr, Fe (Cz has gone into solution. In a number of papers 


(Refs 3,4,8 and 9) the formation of a low-temperature phase 
Fe,c during tempering of chromium steels is mentioned. 


The chemical composition of the steels investigated by the 
author of the present paper is given in Table 1. All giecle 
Ha enched from specified temperatures above 1 000 “C, 
int CBustic soda solution, followed by cooling in iiquid 
oxygen. High carbon chromium steels (Cr/C = 3-4) were 
given a homogenising anneal in vacuum at 1 200 ‘C for 12 
hours prior to quenching. The investigation was carried 
out on a magnetometer in a field of 7 000 Oe, the specimers 
being cylinders of 4 mm dia and 40 mm length. Conclusions 
as to the formation of ferromagnetic phases were arrived 

at on the basis of I(t) curves, which were plotted for 


Card2/6 the specimens during repeated heating after the above heat 


a = r — Lc < = T 
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SOV/126-6-5-15/43 
Processes of Carbid Formation During Tempering of Chromium Steel 


treatment. The change in phase composition with length 

of tempering time or with increase in tempering 
temperature was determined by compring the appropriate 
repeated heating curves. The behaviour of the steel 

10Kh15 is shown graphically in Figures 1, 2 and 3 and of 
steels lOKh30 in Figures 4 and 5. The solution of chromium 
in cementite can be observed in the magnetic analysis by 
the displacement of the Ay point. The dependence of the 


value of the Curie point of cementite on tempering 
temperature is shown in Figure 6. From the curves it 
follows that, commencing from a certain definite temperature 
for wach steel, the Curie point is displaced towards lower 
temperatures. The temperature at which chromium begins tc 
dissolve in cementite decreases with increasing chromium 
content of the steel. Also from Figure 6 can be concluded 
that the cementite phase forming initially during continucus 
heating of steel does not contain any ¢hre’aium. The 
solution of chromium in cementite always precedes the for- 
mation of special chromium carbides. The formaticn of 
Cara3/6 trigonal carbide takes place when the limiting concen*retion 


+ r 
Bed BEG EEE oF IU EE EEE EERIE _ —— 
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Processes of Carbide Formation During Tempering of Chromium Steel 


of chromium in cementite (13 to 25%) is reached and is 
independent of the chromium content of the steel. The 
temperature at which this preliminary stage is complete 
can be assumed to be also the temperature at which the 
special carbides begin to form. Both these temperatures 
must depend in the same way on the relative concentration, 
dropping with increase in the value of Cr/C. As the 
limiting concentration of chromium in cementite is obtained, 
the latter becomes paramagnetic. The beginning of trigonai 
carbide formation in the mpnetic analysis is the tempera- 
ture at which the A, point appears in the T(t) curves, 


A comparison of these temperatures with the special 

carbide formation temperature, according to the results 

of investigation by Bokshteyn (Ref 2) confirms such an 
interpretation (see Table 35. The carbide formation in 
chromium steel on tempering can be checked very simply from 
temperature-relative concentration of alloy element 

(Cr/C) diagrams. Such a diagram, in which the temperature 
range at which the carbide phases of chromium steels (at a 
constant C content of 1%) remains stable during tempering 
is shown in Figure 7. Up to a relative Or/G concentration 
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of <3 all three carbide phases of iron form during 
tempering. For compositions in which the formation of 
trigonal carbide is possible, the change in phase con- 
position with increase in tempering temprature will go 
through the stages 


Me +X ~ Fe,C > (Fe,Cr),¢ ~(¥e,cr'),0 + (Cr, Fe) Cp | ‘ 
At relative Cr/C concentrations of +3 , two iron carbide 
phases form, e - Fe, C and Fe,C - The change in phase 
composition with increase in empering temperature in these 
two stages may be represented by: 
M >e->[e + Fe,C]— + (Fe, Cr); ¢]-> (Fe, cr'),¢ ~ 

—» [(Fe,cr"),¢ + (or, Fe), C5] ‘ 


As the chromium content of steel is increased, the 
temperature of decomposition of residual austenite increases. 
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At a value of Or/C\8 , chromium steels belong to the 
austenitic class. e investigation carried out has shown 
that a universal scheme for the description of tempering 
processes applying to all steel compositions cannot be 
established. 

There are 7 figures, 2 tubles and 13 Soviet references. 


ASSOCIATION: Gor'kovskiy issledovatel' skiy fisiko-tekhnicheskiy 
institut (Gor'kiy Physico-technical Research Institute) 


SUBMITTED: March 18, 1957 
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aPAYSY, B.A,, kand.fiz.-matem.nauk, red.; ASTROY, Yo.1., kand.tekhn. 
i arlene nauk, rede} ENYAZEY, Y.Y., rede; BRULIKOYSKAYA, R.0G., 
tekhn, red, 


([Metallography and the heat treatment of metale; collection of 
actloles! Metallovedenie 1 termicheakaia obrabotka; sbornik 
atatei, Gor'kii, Gor'kovskoe knishnoe isd-vo, 1959. 184 p. 

(MIRA 1322) 
1. Gor'kovakiy iesledovntel'skiy fisiko-tekhnicheskiy inatitut 
(for Apayev), 2. Gor'kovekly metallurgicheskiy ravod (for 
dates): 


(Metallography) (Metals--Heat trentment) 
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The third prize(imeni D. X. Chernov) was awarded to the followings 
Candidate of Physico-Mathematical Sciences By Ae Apayev (Gor'kiy Physicoe 
Technical Research Institute) for his paper "Investigation of Processes During 
Tempering of Hardened Steel", 


Results of the 1958 Competition for Obtaining imeni De Ke Chernov and imeni 
N. Ae Minkevich Prizes, Metallovedeniye 4 termicheskaya obrabotka metallov, 
1959, Noe 6, pp 62-64 
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ard a, VF OO 
AUTHOR: Apayev, B, A.——-- a 


TILE 1 Redistribution of carbon an alloying elements at tempering harden ed | 2 
ateels Ls it 


PERIODICAL: Reforativnyy ghurnel, Metallurgiya, no. h, 1962, 14 - 15, abstract | 
4192 (V y MMetallovedeniye 1 term. obrabotka", Gor'kly, 1989, : 
103 -.11 


TEXT: atribution of C and alloying elements 
at tempering gecussed, in straight carbon 


steels containing coeds by the echeme 


' 

i 

w— cFe,c sre) and at me M -? eFe,c —? yFe,f 9 
The allo es |, 


ad Fe,C. ying element 
of these carbides, whereby with an {noreased meta -to-C ratio the degeneration of | a 
i 


-oarbide takes place. In steals with Mo, V, ¥ insoluble in Fo, the stages of 
redistribution of C and alloying elements are separated from one another and 
proceed one after another until the moment of the special. carbide formation, tak- ie 
ing place at the Fe » ferrite boundaries. The latter stage is preceded by: 
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8/137/61/000/012/135/149 
A006 /A101 
AUTHORS, Apayev, B.A., Krasotskaya, 8.N, 
TITLE, An experimental method of calculating magnetization of carbon stee) 
martenaite 
PERIODICAL; Re ferativnyy zhurnai, Metallurgiya, no, 12, 1961, 39, abstract 
1213906 (V sb, "Me tallovedeniye { term, obrabotka" , Qor'kiy, 1959, 
130 ~ 136) : 
TEXT; A 


n experimental method 18 proposed to de 
martensite standard from 


netization, Therefore 


the Volume trie martens{ 


bility of using Conventionally qu 
martensite standards, 


from 0,4 to 1.2% Cc, . 
Card 1/2 


It 18 ahown that 


Investigated was carbon 
the magnitude of maxi 


* This indtoates the possi. 
Specimens to obtain vempered 
steel, containing 
mam magnetization 
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An experimental method oa A006 /A10} 


reduction, as a funotion of the c Percentage, was Practically egual for all tem. 
pering temperatures, but the rate of martensite decomposition increased with 
higher ‘emperatures, It is shown that the nature of preliminary quenching has 
no marked effeot on the content of residual austenite after processing tn 
liquid G, Data on the percentage of residual austenite are {n agreement with 
results obtained by Roterte who employed a precision roentgenostructural me thod, 
There are 12 references, 


I, Nikitina 


[Adstracter's note; Complete trans) - ton] 
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3OV/129-59-6-] 1 
AUTHORS: Apayey B.A, (Cand, Phys.Mat. Seiences f 9-99-6-1/15 
—Ktasetmaye: 8.N. and Makarychev, V.N, (Engineers) 
TITLE: On the Corres ondence of the Kinetics of De 

Residual and nite 


PERIODICAL: Metallovedeniye i termichoskaya obrabotka metallov, 
1959, Nr 6, pp 2-6 (USSR) 


AFSTRACT: The aim of the work des 
comparative data on the 
TreSidual and Supercoolad elucidate 
the influence of the speed o omnposition 
of residual austenite dur ge number 
of alloy steels (Refs i- ) 
carried out on tungsten, 
Steels, for which the cen 
elements and also of the 
in Table 1, page 2. After nization 
annealing at 1200 o¢ for 6 hours, sp ens of 4 mm dia 
7 and 4O mm length were quenched {n ofl. The process of 
Yerdl/5 isothermal decomposition of residual austenite was studied 
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at the tempering temperatures 100 to 650 °C, in steps of 
50°C, with holding timas at aach temperature of 40 
minutes in molten tin, The investigations were sarried 
out magnetically by means of a MAG 51 instrument which 
enabled following phase changes !n the specimen fron 
the instant ef charging i$ into the bath up to the end 
of hoiding it at the given temperature, and also during 
Subsequent cooling. Por cach Semporing temperature a 
decomposition isotherm was revcrded in coordinates of 
instrument readings (a) versus time (¥). = For each 
temperature the time of heating the specimen through to 
the bath temperatura, l.a. the non-isothermal range of 
the process, was eraiuated from the time taken from the 
instant of charging the annesled specimen into the bath 
up to the instant of termination of changes in the 
magnetization vaiuas. Por hath temperatures between 
300 and 650 ¢C the heating time varied between 5 and 2 
Seconcs, The decompositicn of Supercoolsd austenite was 
Card2/5 Studied in the temperature range 3C0 ta 700 “Cc, wherahy 
the heating tenperaturs for Quenching was 1100 °G for 
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SOV/129-99=6-1/)5 
On the Correspendence of the Kinetics cf Decomposition of Résidual 
and Supercooled Austenite in Alloy Steels 
all the tested steals; liquie tin served as the 
isothermal madium. the resulte confirm that Mo, W 
and V, have little influense on the stability of 
residual austenite for a wide range of conzentration 
of these alloying elements (up to 186 Wo up to WW V, 
up to &$ Mo). No increase in the stability of ths 
austenite was observed in shromium steels with up to 
4S Cr. Diagrams of transformation of the residual and 
supercooled austenite for several of the tested steels 
are reproduced in Figs 1 - %, It was found that the 
Kinetics of transformation of the residual austenite and 
the influence of alleying slerants on this process 
depend on the tompering conditions, For a number of 
Stevls the alloying slemants did not have any ecnsiderable 
influence on the stability of the austenite in the cage 
of slow heating. High heating speads bring abeut a rapid 
change in tne kinetics of Cocomposition of the residual 
austenite and it tecomes somparadie in charaster with the 
Kinetics of isothermal transformation eof supetoosled 
Card3/5 austenity, Grmparison of the decompesition diagrams 
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aliows the vonslusion that the somplleated shap» of the 
transformation dtagrat cf residual austenite was cbhserved, 
in all the investigated steels, fer nonben‘Bof the 
elloying element whith were considerably higher than in 
the case of supett2026d austenite, This may ty dus to 
the fact that far the give: volume of the specimen it 
Was not; possitle tt: achlews itethermal sendlticns of 
tompering, In the cass of specinsns of umaller volumes, 
better sorresporien.e can ba antiatpated betweer, the 
individual diograz:, Tho zones sf stability of residual 
and supercooled austenite were either the ssme fcr all 
the investigated stesis, or the cone of stability of 
reSidual eustenita was at dower temperaturas, Tne 
diagrams of desompositicn of vestduel austenite are 
particularly important when working oct regimes of 
temporing of high alloy vase-hardens: steals, unc slso 
when working out t-ecperirg ragimes in meLlten saits or 
metais, The rasults obtained Yy She authors of this 
paper indicate that the speed of baating during tempering 
may in some casus 5 of sonsicerabie importsncs, An 
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icentical tempering regime may lead to different results 
if the heating is effected at differing speeds. Whilst 
in the case of slow heating the transformation is fully 
terminated during tho process of holding at a cortain 
temporature, during rapid heating the transformation may 
&lso proceed during the cooling. In view of the fact , 
that for a wide range of steels the character of the 
kinetics of transformation of residual and supercooled 
austenite is similar (provided the isothermal nature of 
the process is conserved), there is a possibility of 
evolving a unified theory of the processes involved. 
There are 5 figures, 2 tables and 11 references, 10 cf 
which are Soviet and 2 English. 


ASSOCIATION: Gor'kovskiy issledovatel'skiy f1ziko-tskhni sheskly 
institut (Gor'kiy Physiec-technical Research Lastitute) 
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AFAYEY, B.A., kand. fis -mat, nauk; KRASOTSRAYA, 5.N., Inzh.; YAKOVLEV, 5., inh. 
gowns RO a cael 
Bffect of alloy elenente on the stability of martensite during low- 
tewperature tempering. Inv. vys. uched, sav.; chern, wet, 2 no.4:89-92 
Ap '59. (MIRA 12:8) 


1,Vor'kovekly iseledovatel skiy fisiko-tekhnicheskiy institut. 
Rekomendovano Uchenym soveton Vor 'kovskogs issledovatel'skoge 
fisiko-tekhnicheskogo instituta. 

(Steel alloye—-Metallography) (Tempering) 
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Process of carbide formation during the tospering of nolyhdee 
num and manganese steals, Isv.vyaeuchohb.sav.3 charnenot. 2 
no.5373-8 Hy '59, («IRA 12899) 


1. Gor'kovakiy iasledovatel'akiy fixiko-tekhnicheskiy institut. 
Rokonandovano Uchanym sovaton Gor'kovakogo inaladovatol'akogo 
fisiko-tekhnicheskogo inetituta. 

(Stonl--Hoat treatment) (Phase rule and aquilibrium) 
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Effect of alloying elemente and carbon on the kinetics of 
decomposition in urdercooled austenite. Isvevya.uched.sav.; 
chern,uet. 2 no.102:113-129 0 $9, (MIRA 13:3) 


1. Gor'kovakiy isalddovatel'skiy fisiko-tekhnicheskiy 
inetitut. 


(Steel alloys--Metallography) (Metals at low temperature) 
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18(3), 18(7), 24(2) 
AUTHORS: Krasotskaya, S, N, and Apayev, B. A, 5OV/126-7-2=-6/39 


TITLE: Decomposition of Residual Austenite in the High-Speed 
Steel B18 (O raspade ostatochnogo austenita v 
bystrorezhushchey stali R13) 


PERIODICAL: Fizika Metallov i Metallovedeniye, 1959, Vol 7, Nr 2, 
pp 192-197 (USSR) 


ABSTRACT: Residual austenite in high Bpeed-stee] decomposes on 
cooling after soaking at 500 to 560°C whereas in carbon 
and alloy steels this happens on heating. The steel R18 
represents a complex system, hence it was appropriate to 
investigate the behaviour on tempering of the super- 
cooled y-phase of simpler systems, namely, the binaries 
Fe-W, Fe-V and Fe-Cr; the ternarics Fe-C-W, Foe-C-V and 
Fe-C-Cr, and the quaternary Fe-W-V-Cr, No change in 
the magnetic properties of the ferrites, including the 
complex alloy one, were observed, ‘his means that the 
presence of residual austenite is associated with carbon 
content. For the study of the decgnposition of residual 
austenite in quenched steels, I(t) curves were pigtted 
for specimens during continuous® heating up to 650°C and 


Card 1/6 subsequent cooling in a magnetometer furnace, The 
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heating and cooling rate was 5°C/min. Such curves are 
shown in Fig la for tungsten steels with limiting W contents 
(1 and 18%); in Fig lb for vanadium steels (0.3 and 4% V); 
and in Fig 1B for chromium steels (4 and 6% Cr). An 
investigation of three systems in a concentration range 
corresponding, to the alloy clement content of the steol 
R18 has shown that the decomposition of residual 
austenite fakes place durin;; heating, being complete at 
375 to 400°C. As the W, V and Cr content is increased, 
the stability _of the residual sustenite tends to increase, 
From the I(t ) curves plotted in the same way for the 


steel R18 it can be seen that the bulk of tke austenite 
of this steel decomposes on cogling. However, if the 
heating rate is reduced to 0.3 U/min, the decomposition 
of the residual austenite occurs in the same manner as 
in the other steels, i.e, during heating, but at higher 
temperatures (625 to 675°C, see Fig 2). Whereas the 
behaviour of 8% Cr steel is similar to that of the steel 
_ R18 (see Figs 3a,b and 4a,b), that of the others 
Card 2/6 investigated is different, the austenite decomposes on 
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Decomposition of Residual Austenite in the High-Speed Steel R18 


heating and during isothermal soaking but noton cooling. 
This might lead to the assumption that the characteristic 
of decomposition of the y-phase in high-speed steel is 
associated. with the presence of chromium, However, 
austenite of the steel R18 contains only 8% Cr. This 
suggests that a characteristic of austenite decomposition 
may be due not to the absolute chromium content but to its 
relative concentration, i.e.the G@/C ratio which, according 
to Michel and Papier (Ref 2),is 9 for steel R18. 
Confirmatory experiments with other steels (0.2 and 0.5% C 
and 4% Cr) have shown that the decomposition of residual 
austenite occurs only during heating and isothermal 
soaking. The results obtained led to the conclusion that 
the stability of austenite in the stecl R18 during 
heating is due to the joint action of carbon and alloy 
elements, The stability of the y-phase during isothermal 
soaking at the tempering temperature range of this steel 
may be associated with this, A study of the nature of 
decomposition of super-cooled austenite of W-, V-, and 
Cr-steels has shown that, as the alloy element content of 


Card 3/6 1% carbon steel is increased, the isothormai decomposition 
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diagrams gradually change from the usual (C-shaped). to the 
more complex (S-shaped) ones and the temperature range of 
austenite stability widens. This zone becomes clearly 
pronounced in W-steels at a W content @%, and V- and 
Cr-steels at a content of 2% of thesé elements 
respectively. Figs 5 and 6 show the change in magnetization 
in steele 10X40 and 1OW60 respectively - 1) on isothermal 
soaking and ~., on repeated heating and ccoling. In.all 
the investigated steels baving a zone in which the super- 
cooled austenite is staple, the austenite is also stable 
in the range 500 to 550°C, If the transformation in the 
isothermal soaking range does not go to full completion, 
then decomposition of austenite (residual and super- 
cooled) occurs during cooling. ihe relationship between 
the stability zone temperatures und kinetics of decomposi-~ 
tion permit the conclusion that the stability of 
austenite and the nature of processes occuring on tempering 
quenched stecls and isothermal decomposition of super- 
cooled austenite are due to some common reasons which so 
Card 4/6 far have not been elucidated. A comparison of the 
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kinetics of decomposition of residual asutenite on 
tempering the steel R18 and steels containing the sane 
quantity of alloy elenents as high-speed steel shows 
that on alloying the steel with W and Cr the decomposition 
of austenite proceeds analogously to the decomposition of 
austenite in steel R18, Alloying with V does not lead 
to the same analogy. This leads to the conclusion that 
the characteristics of decomposition of austenite of 
high-speed steel is associated with the action of Cr and 
W. Cr tends to raise the stability of residual 
austenite considerably. The complete similarity in the 
kinetics of austenite decomposition of high-chromium 
steels and steel R18 cn isothermal tempering leads to 
the conclusion that chromium exercises the strongest 
influence, 
There are 6 figures and 5 references, 4 of which are 
Soviet, 1 French. 

ASSOCIATION: Issledovatel'skiy fiziko-tekhnicheskly institut pri 
Gor'kovskom gosudarstvennom universitete 

Card 5/6 (Physico-Technical Research Institute of the Gor'kiy 
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State University) 
SUBMITTED: June 11, 1957 
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AUTHORS: Apayev, B.A. and Sysuyev, Yu.A. 

TITLE: Influence of the Original Structure and Temperature of 


Deformation on Phase Transformations During Plastic 
Deformation oe 


PERIODICAL! Fizika motallov i metallovedeniye, 1959, Vol U, Kr 6, 
pp 915-921 (USSR) 


ABSTRACT: This paper is devoted to questions similar to those 
published earlier (Ref 11 and 12) and also to the study 
of the influence of the deformation temperature and 
original structure on the nature of phase transformations 
and harde Rens MURAI deformation, The production types of 
ateel viat and Ul0"were used as materials for investigation. 
Prior to deformation,specimens of 4 x 40 mm cross section 
were subjected to a serics of heat treatmonts, the 
conditions of which are indicated in Fig 1,in order to 
obtain structures with different shapes of cementite. 
Deformation was carried out by universal non-uniform 
compression in rings (Ref 16). During deformation in a 
medium of liquid nitrogen, the specimens, compressed in the 
ring, were preliminarily cocled in nitrogen in a Dewar 

Card 1/5 flask. As soon as the nitregen was off the boil, they wore 


APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2" 


"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2 


67672 
SOV/126-8-6-20/24 


Influence of the Original Structure and Temperature of Deformation 
on Fhase Transformationa During Plastic Deformation 


Card 2/5 


placed in a die accommodated in ao retort which was also 
filled with nitrogen. The retort size was selected so 

that the specimen should be covered by liquid nitrogen 
during deformation, Upsetting was carrted out ina 

60 ton Gagarin press. The degree of deformation ( %) 

was determined according to the change in length of the 
specimen and was between 25 and 27%. The magnetic phase 
analysis method was chosen as the method of investigation. 
Determination of the phase composition was carried out 
according to magnetographs (curves Ja(t) ), which were 
constructed with a ballistic magnetometer in a field of 
10,000 oersted. The phase composition of the specimens 
after the above heat treatments is represented by 
magnetographs in Fig l. In Fig 2 magnetographs of the 

same specimen after deformation at reom temperature are 
illustrated. In order to prevent heating of the specimens 
in the second series of experiments, the deformation was 
carried out in liquid nitrogen. It has been found that the 
nature of the mechanism of deformation is preserved at a 
temperature of =196°C (Fig 3). In Fig 4, magnetographs a 
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are shown of the original specimen and of specimens which 
had been compressed by 46.6 and 86.85% (curves 2, 3 and 4). 
The magnetograph of the origxznal normalized specimen is 
represented by curve 1. The increase in the total 
magnetization of the specimen and in the magnetization in 
the ferrite portion of the curve J,(t) (Fig 5) with 
increase in degree of deformation shows that an ever- 
increasing quantity of the cementite phase is taken into 
solution during transformation and that this transformation 
leads to an increase in the quantity of the a-phase. 

The curves 1, 2 and 3 in Fig 6 characterize the volume 
change of ferrite, cementite and Y-carbide, respectively, 
in relation to degree of deformation. In Fig 7 the 

change in hardness in relatiaun to degree of deformation is 
illustrated for steel with granular and plate-like 
cementite. The work carried out shows that the more 
distinctly the plate-like shape of cementite is outlined, 
the more rapidly does its decomposition proceed with 
formation of XK -carbide and a-iron. As the plate-like 
form decreasus, this process becomes less distinct and 
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when the cementite acquires a granular shape, this 
process docs not take place at all. Inthe light of 
these facts, it must be assumed that steel which has 
been annealed so as to exhibit granular cementite is 
more stable than that annealed to give plate-like 
cementite. Lowering the deformation temperature does not 
change the general nature of transformation and the 
relationship with the structure, As long as the carbide 
phase X%Feac forming differs in carbon content from 
cementite, there is a possibility of diffusion processes 
as the result of deformation at low temperatures. The 
mechanism of formation of this carbide de not understood. 
It originates either from austenite formed due to local 
heating or as the result of a erysatallographic 
rearrangement of cementite under the action of stress. 
Gratitude is expressed to S-V.Vonsovskiy for his interest 
in ‘the discussion of preliminary experimental resultn and 
for his offer to study the nature of phase transformations 
during deformation in liquid nitrogen, There are a 
Card 4/5 ? figures and 21 references, 18 of which are Soviet, 
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Phase transformations during the mechanical testing of 
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n0.5t91=92 "60, (MIRA 1336) 


1. Gor'kovekiy iseledovatel'skiy fisiko-tekhnicheskiy institut. 
(Steel--Metallography) (Phase rule and equilibrium) 
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AUTHORS: Sysu'yev, Yu.A., Apayev, B.A,, and Balakina, L.M. 


TITLE: Investigation of the Phase Composition and of the Fine 
Crystal Structure of a Plastically Deformed Steel 
bee 


PERIODICAL: Izvestiya vysch!kh uchebnykh zavedenty, Fizika, 
TEXT: Since the nature of the transformations in the cementite 
phase depends on the shape of its particles, it was interesting to 

elucidate the character of the changes of the fine structure of the 


of various shapes and to what extent the changes in the c mentite 
affect the process of strengthening. Steel Y-10 (U 10)\twas chosen 
for the investigations after normalisation annealing at 1000 °C and 
annealing to obtain granular cementite. Specimens of 12 mm dia., 

20 mm in length, were deformed to various extents by means of a 


out. From deformed templat 


than 4, 
lA 
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means of a ball iste fiagnetoneter in fields of 10 000 Oe. For 
determining the quantitative ratio of the phases the sections of 
the magnetograms of the phase components were extrapolated to room 
temperature, using the approximation of Heisenberg tRef, 12). 

To detect the nature of the dependence of the stressed state and 
the crystal structure on the degree of deformation, X-ray 
measurements were made by means of iron radiation with an ion tube 
fer removing the surface layer by etching. For the investigations 
the lines (220) of the a-phase and (222) of copper were used. 
Photometering of all the X-ray diffraction patterns was effected by 
means of a microphotometer with an amplification of 9 X. The 
results show that plastic deformation of steels with lamellar and 
granular cementite leads to differing results. The basic 
difference consists in the fact that phage transformations are 
caused in steel with lamellar camantite/* whilst in the case of 
granular cementite this has not been observed. The character of 
the changes of the fine structure as a result of plastic 

ey a of steel U 10 in both states is qualitatively equal. 

ar 
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A high level of type II distortions and the smaller size of blocks 
in the normalized steel can probably be explained by a change in 

the coherent bond between the a-phase and the cementite as a 

result of phase reconstruction in the latter. Ina number of 
papers, the change in strength is attributed to changes in the 

fine structure of the phase components, On the example of single 
phase systems and satisfactorily annealed multiphase alloys, 

changes in type II stresses and in the size of blocks have indeed ¥ 
been found to determine the strengthening during plastic 

deformation (Refs 4, 16, 17), The experimental data given in the 
present paper indicate that this analogy also applies to steel 

with granular cementite. Since during deformation of such » 
structures the cementite phase is not Subjected to any changes, 

the changes in hardness can only be due to the state of the 

a~phase. The higher hardness of the normalised steel both in the 
initial state and after plastic deformation can also be 

attributed to the difference in the fine Structure, The change in 
the fine structure is similar for both states of the steel; 
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however, the character of the Strongthening differs. This 
indicates that the changes in the fine structure of the a-phase 
do not reflect the law of strengthening during plastic 
deformation of steel with lamellar cementite, 

There are 5 figures and 17 references: 11 Soviet, 5 English and 
1 Japanese. 
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Apayev, BAe 


“Contribution on the Contradictions Which Have Arisen 


About the Carbide Phases Formed in Tempering Carbon 


Steel df 4 


Fizika metallov i metallovedeniye, !960, Vol 9, Nr 3, 
pp 400-414 (USSR) 


The author points out that carbide-formation in the 
iron-carbon system is of interest both in organic 
chemistry (hydrocarbon syntheses from carbon monoxide 
and hydrogen on iron catalysts) in case hardening and 
in the metallurgy of tempering. In organic chemistry 
the formation of three carbides is generally admitted, 
controversy centering on the role of the ¢ and Y¥ 
carbides in hydrocarbon syntheses (Ref 2,7). MNowever, 
in the other fields controversy is wider. The author 
surveys two schools of thought, based on electron and 
X-ray diffraction analysis. The first (Ref 8 to 17) 
consider that in tempering two carbide phases, 
e-carbide and cementite are produced; the second school 
(Ref 18 to 21) consider that the phases are a series of 
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Contribution on the Contradictions Which Have Arisen About the 
Carbide Phases Formed in Tempering Carbon Steel 


carbides isomorphous only with cementite. When nagnetic 
analysis has been used, the carbides revealed coincide 
with those agreed on in the organic-chemistry field 
(Ref 3, 25, 26, 33, 34). The author discusses the basis 
and advantages of magnetic phase analyses which are not 
appreciated by all workers in this field. He goes on to 
present some experimental data which indicate the 
formation of a high-temperature X%- carbide in the 
tempering of carbon steel. Fig 1 gives saturation- 
magnetization as functions of temperature for U-10 steel 
after annealing and tempering at 350 to 650°C. Fig 2 
shows the corresponding functions for 25 to 350°C for & 
specimens retempered at higher temperatures (350 to 650°). 
These results, the author shows, contradict the views of 
K.Jack (Ref 8) and others (Ref 18,19) involving cementite 
in the strained state with a Curie point of about 265°C. 
Further evidence against this view is provided by a 
check based on Heissenberg's approximation (Ref. 52-53). 
Card 2/4 Fig 3 shows the result of such a check for a specimen Wy 
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after 10 hours tempering at 350°C, showing experimental 
and calculated points for saturation magnetization 
versus temperature curves. The author cites other 
experimental evidence, against Jack's views, for example, 
the effect on saturation-magnetization versus temperature 
curves of alloying elements (Fig 5), of different heat 
treatments (Fig 6) and of both these factors (Fig 7), and 
refers to a previous article of his on this subject 
(Ref 31). The author's general conclusions from his 
survey are that magnetic analysis is as objective a 
method of phase analysis as X-ray methods and can give 
qualitative and quantitative results for complex systems: 
a particular advantage is that the Curie points, taken as 
phase characteristics, are independent of strain and 
dispersion, Magnetic analysis confirms the existence in 
tempered carbon steels of three carbide phases, Fe C,v) 
xX Pe,C and eFe,C with Curie points of 210, 265 and 380°C 
rospectively. The observed break near 265°C in the 

Card 3/4 saturation magnetization versus temperature curves is due 
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TITLE: Solubility of Alloying Elements in Cementite 


PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol. 10, 
No. 2, pp. 245 ~ 250 


TEXT: In this work the solubility of tungsten, vanadium, 
chromium and manganese in the first portions of cementite 
produced on tempering of hardened steel was examined. The 
increase in their solubility with increasing temporing tempera~ 
ture was also studied. Published data (Rofs. 10, 11) show that 
the solubility of alloying elements is considerably less than 
their contents in steel (Table 1}. The present work was 
carried out with the following steels, all containing 1% C: 
1OKh6 (0.6% Cr); l0Kh40 (4% Cr); 10G12 (1.2% Mn); 10FS 

(0.6% V); lOF12 (1.2% V); 10V6 (0.6% W) and 10V20 (2% W). 
Chromium and manganese steels were hardened from 1150, the others 
from 1280 °c, Tempering was effected at 250-650 “C) specimens 
tempered at 450 C being used for chemical investigation (with 


electrosolution by N.M. Popova's method, (Ref. 10), applying a 
Card 1/ 
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a check). One of the authors (Krasotskayo ~ Ref 15) has shown that 
in molybdenum, tungsten and vanadium stcels cemontite 4s first 
formed at 100 C and that after 10 hours at 250 C¢ martensite 
decomposition is practically completed. For this group of steels 
chemical analysis was carried out only on electrolytic residues 

of the tungsten and vanadium steols tempored at 950 and ‘50 Cc for 
10 hours (Table 3 shows the alloying-element content as percentage 
of steel sample weight). For 10Kh6, 10G12 and 10Kh40 steels the 
Curie point (Curves 1, 2, 3, respectively) and the alloying 

element content of the residue (Curves 35 4, 6, respectively) are 
plotted against tempering temperatures: The results of this work 
contradict the ideas of some authors (Refs. 1-5), a8 shown in 
Table 4, where chromium contents of stecl and residue are sihown 
for a series of chromium steols. Whatever the alloying element. 


the steel} the way in which solubility changes with tempering 
temperature does depend on the nature of the alloying element. 

The solubility of the alloying elements in cementite governs their 
distribution (and that of carbon) between the alpha and carbide 
Card 2/3 
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phases. With tungsten, vanadium and molybde 
of carbon occurs first for most of the range 
carbon and alloying elements can move simult 
elements can be present in the first portion 
There are 1 figure, 4% tables and 16 referenc 
1 English and 1 Japanese (in English) 
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AUTHORS : Apayev, B.A. and Yakovlev, B.M. 
TITLE: Use of Magnetic Phase Analysis for Separate 


Determination of Combined and Free Carbon  , 


PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol.10, No.4, 
Pp .527-535 


TEXT: The authors describe the application of the additivity of 
saturation magnetization in o heterogeneous system to the 
determination of ferrite and cementite in steel, Fig.l shows for 
some carbon steels the magnetization versus temperature curves 
required if the chemical composition of the ample is not known. iv 
These curves rdfer to annealed types 10, 20! 309 1g 7(U7) © yo (u9) 
and Y10 (u10)steels, The cementite determination required 
extrapolation of the ferrite part of the curve and the authors 
describe a published (Refs. 2,3) method which gives good agreement 
of experimental and calculated points (dots and crosses 

respectively, in Fig.l). Fig.2 illustrates this method and 

Fig.3 another method in which an armco-iron standard is used 
(circles in Fig.1). Both methods are applicable in principle to all 
steels with ferromagneticcarbide phases, providing that the alloying- 
Card 1/2 
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element content in the alpha-solid solution is known, The 
applicability of both extrapolation methods to the steels 

represented in Fig.l is shown in Fig.4, giving a volumetric % 
cementite as a function of free carbon, The authors have used the 
technique to study graphitization of two malleable irons 

(respectivoly 2.45, 2.45% C; 0.58, 0.50% Mn; 1.16, 1.76% Si; 

0.12, 0.60% S; 0.078, 0.078% P; no Cr). Fig.5 gives as functions J 


of temperature the percent cementite and its contribution to 
magnetization. From these the free carbon was found, ‘The good 
measure of agreement with chemical-analytical results is shown in 
Table 2. The method is much faster than chemical analysis. There 
ore 5 figures, 2 tables and 6 references: 3 Soviet and 3 Nnglish, 
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AUTHORS : _ Apayev. B.A., Sysuyev, Yu.A. and Balakina L.M 


TITLE: The effect of carbide transformations on the 
variation of structure and properties of cold-vorked 
and hardened carbon steels during tonpering 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Chernaya 
metallurgiya, noe 12, 1961, 117 - 12h 


TEXT: Other workers (Refs 1: V.K. Babich, K.F.Starodubov - 
IVUZ, Chernaya metallurgiya, 1958, no.2; Ref. &: A.P.Gulyayov. 
N.I. Burova - Metallovedeniye i obrabotka metallov, no. 1, 1955) 


whe have studied changes occurring during tempering of steel at 
temperatures above 300 C have found that similar changes take 
place in both cold-worked and hardened specimens, Starting from 
the assumption that plostic deformation does not bring about any 
phase transformations, <chese workers concluded that the changes 
observed during tempering could not be caused by transformation 
of the carbide phases. Results of more recent studics of this 
problem (Ref. 3: B.A. Apayev, FMM, vee, noe2, 1957; Ref. hy 
B.A. Apayev, YueA. Sysuyev - Nauchnyye doklady vysohey shkoly, 
Card 1/f — 
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Metallurgiya, nov 2, 1958: Ref. 5; B.A. Apayev, Yu.A.Sysuyev, 
FMM, v.83, no.6, 1959) indicate, however. that this conclusion 15 
not quite correct. It has been found that plastic deformation of 
steol with lamellar cementite 4s accompanied by the formation 

of carbide Fete and by an increase in the proportion of the 


a-phase; as the proportion of lamellar cementite decreases, the 
plastic deformat ion-induced transformation diminishes and ceases 
completely when granular cementite only is present in a given 
steel. The behaviour of cold-worked steel during tempering should 
therefore depend on the form of cementite it contains and the 
object of the present investigation was to check the validity of 
this postulate. The experiments were carried out cn specimens of 
steel Y¥10 (U10), annealed under conditions which cnsured the 
formation of granular cementite, normalized (i.e. containing 
lamellar cementite) and hardened. The annealed and normalized 
specimens were cold-worked (by forging and drawing) after whica 
both the cold-worked and hardened (quenched) specimens were 
teapered for 30 min at progressively hicher temperatures in the 
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300 - 700 °% range. After each tempering operation the 
constitution of the specimen was dotermined by a macnet onetric 
method, its coercive force H, Was measured to provide 


information on the changes in the state of stress, the size of 
blocks fn the a-phaso grains was determined and the Reckwell 
hardness R was measured. The results can be sumiarized as 
follows. No change in the constitution during tempering was 
observed in cold-worked specimens of stecl containing sranular 
cementite. In contrast, the constitution of cold-worked steel 
containing lamellar cementite changed during tempering ina 
manner simile to that observed in hardened specimens This is 
demonstrated by the results presented in Fig. 1, where the 
proportion (py: %) of the a-phase (Curves 1), cementite 


(Curves 2) and yocarbide (Curves 3) is plotted against the 


tempering temperature (°c), Curves a and 6 relating, respectively. _ 
to piastically-deformed (50% reduction) and hardened steel 

specinens. he temperature range at which the transformation 

of the ycarbide took place during tempering of cold-worked 
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Steel (vith Lamellar cementite) depended on the degree of 
proliminary deformation, being shifted towards the lower 
temperatures in heavily deformed material. The Variatioa of 

other properties is illustrated in Fig. 3. where the coercive 

force (i. erg - graph a} and hardness (Ry > graph@) are a 


plotted against the tempering temperature (°C), Curves 1-5 
relating, respectively, to hardened specimens, cold-worked steol 
with lamellar cementite and cold-worked Specinens of steel with 
Sranular cementate. The results described above confirmed the 
findings reported in Ref. 1 on the similar nature of changes 
occurring during annealing in the properties of hardened and 
cold-worked steel with lamellar cementite and showed thet tias 
Similarity was absent when the cold-worked specimens contained 
Granular cenentite In the same way, the form of the cementite 
affected the changes in the width. B . of X-ray diffraction Lines 
of the a-phase as illustrated in Fig. 4, where Blmmn) is 
plotted against the tompering temperature (°C). Curves 1 anu 2 
relating. respectively. to deformed Specimens of steel with 
lamellar and granular cementite. On the of er hand nerther the 
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variation in the X-ray diffraction-lines width of the «a-phase 
nor the Hy. curve (Fig. 3a) obtained for the cold-worked 


specimens of steel with granular cementite resembled tose 
obtained for hardened specimens. The cause of these differences 
and similarities becomes clear if the teapering-induced changes 
in the constitution of cold-worked and hardened specimens are 
compared. As can be seen in Figs 1, 3a and 4, anomalous 
variation in the coercive force and the X-ray diffraction-lines 
width takes place in the sane temperature range in which the 
yrcarbide undergoes a transformation. In cold-worked steel with 


granular cementite in which no phase-transformation eccurs, no 
anomalies in the variation of these two properties wore observed. 
Consequently, tho changes in the fine structure which occur 
during tempering at tomperatures above 550 ~C and which cause 
anomalous variation of H, and Bin hardened and cold-worked 


steel with lamellar cementite are associated with the 
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As a result, the stability of the mosaic structere of the cease 

is destroyed, which leads to the onset of plustic ship du baue 

crystal lattice, cansing fraguentation of blocks aat/or 

juhibiting Gheiv growth. These processes. Ea (eat, Conse at) 

siablarv verdiation dn the coercive Loree and nictiles choracter 

of the softening proce s during tempering. The reantts of tire 

oresent investigation are correlated wilh thone obicdueda by 

other workers and it if suggested. that chongey i: over proper- 

ties (iutensity of ungnetination, specific voluic, cic) are 

also affected to a sreater or Llessexr extent oy cle ecrbide 
transformation. On the oLhes haad, this Cees not apolsy to 

specific neat, whose variation is “ore Litiely avsociited with 

tig peldef of stresses of tae second type ia the a-puase lattice. 
There are 7 figures and 23 references: 20 Soviet-vlec and / 
3 non-Soviet-bloc. Tuc turee Englisneleajuace references 

mentioned are: Ref. 18: Ceado, Arato + J. Jepan Inst Netals, _— 
Vi1l9, moe 2, 1955; Roke ON Gel. Taylor, H. Auinney - Pros. Soy. 
Soc., 195%, 143, 507; Ref. 25: Te Sato - Scie Roy eT 

Universe, 1931, 20, l.- 
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Ih ISa0 E193/E483 
AUTHORS: Yakovlev. A.M. and Apayev, B.A, 
TITLE: Precesnes Taking Place During Tempering of Nickel 
Steels 
PERIODICAL: Fizika metalloy 1 metallovedeniye, 1961, Vol.,1l1, No.2, 
pp. 262-272 


TEXT: The object of the present investigation was to atudy the 
effect of the Variation of the nickel content on the precess of 
tempering of hardened steels whose composition ita given in Table 1, 
The cylindrical specimens (40 mm long, 4 mn in diameter) were 
heated in vacuum to 1150°C, quenched in a 10% solution of caustic 
soda and then cooled in liquid nitrvgen, Tempering was carried out 
in Wood's alloy (up ta 250°C), in tin (up to 650°C) or ina vacuum 
furnace (at tomperatures higher than 656’C¢). The duration of 
tempering variad from 6h at elevated temperatures to 250h at low 
femperatures, The magnetic phase analysis which wasn the main 
experimental technique was supplemented by X-ray, electronographic 
and carbide analyses, In the first series Of experiments, the 
effect of nickel on ‘the stability of martensite during lows 
temperature annenling wag studied, The results are reproduced in 
Cord l/l@ 
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Fig.ia where the mncrease fa in the proportion of the a-phase 
against the tempering temperature (°C). the type of steel being 
indicated by each curve; in the insert (Fig.1b) the proportion of 
residual austenite (agem . %) in quenched specimens is plotted 
against the nickel contont (%), It will be seen that with 
increasing Ni content, Soom Merensed, At low concentrations, 
nickel accelerated the dezomposition of martensite whose atability 
increased at high Ni concentrationa, In the second stage of the 
investigation, the general character ef the process cf formation of 
carbides during tewporing cf nickel ateul was studied, The 
results showed that the transformation of the carbide phases in 
Ni stecls takes place in the same manner as in carbon steels, i.e, 


martensite w>eFe C —X Fe c “dFo,c 


However, an increase in the Ni content of these steels has a 
marked effect on the stability and on the rate of the decomposition 
of the intermadiate carbide phases, Thus, with increasing Ni 
content the stability of the e-phase increases, reaching & maximum 
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at 2h Ni, after which it decreases again, In contrast to the 
carbide-forming alloying additions, nickel ancreases stability of 
the X-phase at high temperatures, This is best illustrated in 
Fig.4, where the proportion (P.%) of the X-phase present in 

steels 10H40 (10N40) (curve i) and 10H10 (10N10) (curve 2) is 
plotted against time (h) of tempering at 600°C. The general 
process of carbide formation in steel 1ON4O is illustrated in Fig.5, 
where the proportion (Pq, vol.&%) of the e-phase (curve 1), 

X-phase (curve 2) and cementite (curve 3), present in the steel 
after Lh tempering. is plotted against the tempering temperature 
(°C), the broken portions of the curves being tentative only. It 
Will be seen that the e-phase starts to form at the very beginning 
of the decomposition of martensite and that at temperatures above 
200°C the proportion of this phase rapidly decrenses with a 
corresponding increase in the proportion of cementite and the 

X%- phase. The intermediate A- phase is stable up to 400°C; the 
decomposition of this phase brings about an increase in the quantity 
of martensite and the qualitative characteristics of this process 
indicate that in the formula Fe,C of the X-phase, x <3. In 
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fact, the results of calculations, based on the ma gnetometric 
measurements carried out on specimens. treated to contain a 

maximum proportion of the X-phase and subsequently annealed to 
attain full decomposition of this phase. showed that the % -phase 
fe described by the formula Fe3C. In the next series of 
experiments. specimens of steel 10N40, heat treated to contain the 
maximum proportion of the €-phise. were dissolved electrolytically 
and tho residues, constituting the ¢-phase, were examined by 
electron diffraction, The results agreed with those obtained by 
other workers (Ref.t5 - 29) and indicated Chat the ¢€-phase with 

the Curae point at 380°C has heaagonal crystal lattice, The 
results of X-ray diffraction analyais of the X-phase, separated by 
the electrolytic method, were also in agreement with those obtained 
by R.H.Jack (Ref.2l)and Oketant (Ref .15), The object of the next 
Series of oxperimenta was to study the solubility of nickel in 
cementite, To this end. specimens of stevls 1047, (10N7), 1ON10, 
1ON4O and 3H40 (3N40) (0.3% C. 4.0% Ni) were tempered at 700°C for 
1 to 50h, after which they wera dissolved electrolytically, the 
undissolved carbide residues having bean examined by chemical 
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analysia and magnetometric measurements. The results of the 
chemical analysis showed that the time at the tempering temperature 
had practically no effect on the Ni content an the carbide residue, 
The quantitative data on the composition of the residues, 
reproduced in Table 5. were in Agreement with those quoted in the 
literature (Ref .27, 29-32). Since. however the residues probably 
contained a proportion of undissolved a and y phases, the increase 
in the Ni content in the residues does not necessarily mean that 
with increasing Ni content in the Steel the Nt content in the 
cementite also increases. According to the calculations of the 
Present authors. the solubility of Na an the cementite of steels 
JON7, LONIO. 1ON40 and 3N40 18 0.0405. 0.0826, 6.188 and 0.243%, 
respectively, Baaed on the resulta of the present investigation, . 
a diagram of the temperature atabiloty of the carbide Phases in 
tempered Ni steels was constructed, Yhe diegram, reproduced in 
Fig.10, represents a vertical section of a metastable, ternary 
Fe-Ni-C system at a constant carbon concentration of 1.0%, 
constructed on the basis of data on the ronstitution of the alloys 
after lh tempering. There are 1O figures. 5 tables and 
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AUTHOR: Apayev: BsAs— 


TITLE: Some physical properties of the high-temperature 
carbide of iron yre,c: formed on tempering and 


plastic-deforming 


PERIODICAL: Fizika metallov i metallovedeniye, v. 12, no. 3, 
1961, 409 - 416 ‘ 


TEXT; The author points out that no reliable data exist on 

the chemical composition of the -carbide formed on medium- 
temperature tempering of high-cartbn steel and on plastic- 
deforming, when cementite is initially lamellar. This is due 4 
to mothodological difficulties. In the present work magnetic / 
analysis has been used to calculate the composition and magneti- — 
zation of this phase and, in combination with the apparent 
weight-loss method, its density. Two series of experiments 

were carried out. In the first series Y1i (U11) and Y13 (U13) 
steels were used. To eliminate the effect of oxidation, heat- 
treatment (quenching, followed by cooling in liquid nitrogen, 


followed by tempering) was carried out on 5.5-mm diameter rods, 
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from which 4<ma dia. specimens were prepared for density and / 
magnetic measurements. In the second scries, normalized 

type YlO (U10) steel was used, deformed by drawing through dies 

with a reduction of 55%. From plots of magnetization as a function 

of temperature, the proportions of total magnetization due, 
respectively, to cenentite, alpha~phase and -carbide, and the 


volume percentage of each phase were calculated; using published 
values (Ref. 3 - Yur'yev, S.Fu Specific volumes of phases during 
austenite-martensite transformation. 1950, Metallurgizdat) 
values for the densitios of cementite and iron, the latter were 
converted to weight percentages. The dansity of the carbide 
phase was found as the ratio of percentage by weight to that by 
volume multiplied by the average density. The average value for 


both steels was 6.73 + 0.15 g/em’. The average magnetization 
of the yrcarbide phase formed on tempering was found to be 875 


gauss (accuracy + 10%); an armco-iron specimen was used to find, 
hy extrapolation, the value of magnetization in terms of mm of i 
instrument scale at 0° K, The avernge value of x in Fe Cc 
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for Ul11 steel, tompored at 300 and 350 > and for U13 steel were 
found to be 2-07, 1.84 and 2.02 when using a method based on the 
carbon content of different phases. Witha a method based, in 
effect, on iron contents, the first value was only 1.63, the other 
two being in good agreement; this discrepancy is probably due to 
not allowing in the calculation for the density of the alpha-phase 
being somewhat lower than that of pure iron. The indications are 
that the carbide phases formed both in tempering and deformation 
are of the same natures Electron-diffraction studies were also 
carried out to show how much easier the magnetic method is for 

a qualitative determination of the phase composition of tempered 
and deformed steel. A nickel steel (1% C, 4% Ni, chosen because 
of the high stability of its ecarbide), Ul2 steel (tompored for 
1 hour at 400 °C) and U12 ateot (deformed to 50% after normali- 


— 


zation) were used. The magnetization-versus-temperature curves 
showed all three types of material to contain Fe,C, FeoC and 


alpha-solid solution. Residues from electrolytically-dissolved 
specimens were also used for obtaining such curves and for 
electron-diffraction study and, after compressing the powder into 
Card 3/4 
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AUTHORS: Apayev, B. A. and Sysuyev, Yu. A. 


TITLE: Dimensions and shapes of test specimens for magnet ometric 
studies 


PERIODICAL: Zavodekaya laboratoriya, v. 27, noe 4, 1961, 414-416 


TEXT: Inteneity of magnetization in Quantitative magnetometric exazina- 
tions depends on the demagnetization factor. which is a function of shape, 
dimensions, and struoture of the specimen. Two series (1) and (11) of 
specimens of Y10 (U 10) steel were produced: series (I) with different 
lengths and equal diameters, (II) with different diameters and equal 
lengths. D. S. Shteynbderg's magnetometer with ballistic measuring scheme 
Wae used. Experimental results showed the saturation of the specimen 
attainable in practical application at a field tension of 

H = 6000 oersteds which was used for several experiments. Fig. 2 shows 
the dependenoe of magnetization intenaity on the dimensions of the 
specimen. Saturation is practically obtained at a ratio of 1/d>10 at 
6000 oerateda. A ratio of 1/4>10 is required for quantitative determina- 


Card 1/5 


APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2" 


U 


"APPROVED FOR RELEASE: 06/19/2000 


ae 


CIA-RDP86-00513R000101820016-2 


$e a 


$/032/61/027/004/005/v28 
Dimensione and shapes of test... B110/B215 


tions of carbon steels with a C content €1.0 % These dimensions are 
also suitable for magnetic safuration of low- and medium-alloy steele at 
8000 oerateds.. At 20 and 300°C, the intensity of magnetization was found 
to be proportional to the crosa-sectional area (Fig. 26). In specinens of 
different diameters, the linear dependence of J, (8) SBllowed a quantitative 


comparison of measuremente, and the reduction to a standard epecimen. The 
method of Ref. 1 (B. A. Apayev, B. M. Yakovlev: Fizika metallov 4 

metallovedeniye. 10, 4 (1960)) was used to caloulate phases according to 
the magnetogram. For the @xamination of praotical specimens of trregular 
geometric shapes it is neceasary to know the magnetization intensity (J,) 


of phase componente of the examined System, and the fraction of the 
intensity of magnetization (Aa,) of comparable specimens at equal 


temperatures. Should there be a number of ferromagnetic phases, the 
percentage by volume (P,) of the phases according to the principle of 


additivity is as follows: P, (da,/u,)- 100%; Py = (Aa,/a,)+100%1 
Py, (ha, /a,)- 100% P, = 100, (1) with Gy1Q5+++...a, otanding for the 
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epeoifia intensit 
seale, and da,, 4 


y of magnetisation expressed in mm on the galvanoneter 


Ap eves a, the fractions of magnetization of phases 


By using the vallistio magnetometer 
in saturated magnetio fields, the following equation is obtained: 


| 
a,/a, “ J/su a,/a, a Jo ore veces a, _,/a, - Wildy (2). From (1) and 
| 
| 
| 
| 


1,2, e004 taken from the magnetogran, 


(2), we obtain for the speoifio magnetisation: 

a, = ha, + 4ay°(J,/3,) + ha, +(J,/3,) + Aas+(3,/J,) + wee Ba, 4(I,/J,_,). 
Examples the oarbon content of a Specimen of any dimensions of hardened 

Y 10 (U 10) steel is to de determined (Fig. 4). In the course of the 
magnetogram ferrite and cementite were found to be constituents. Extra- { 
polation of the ferrite section of the curve for room temperature yields 

the quantities 4a, and Aa, At room, temperature, Je (of ferrite) 


« 1685 oersteds, J, (of cementite) = 923 oersteds. From formulas (1) and 


(3) a carbon content of 1.018% wae obtained, It differea from the 


analytical value of 0.99% by 0.028%. There are 4 figures and 3 refer- 
enoess 2 Soviet-bloo and 4 non-Soviet-bloo, 
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